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SUMMARY
Continuously, there is a demand for faster and more powerful processors resulting in the
design of microelectronic devices that could satisfy the requirements of the users. The
capacity of a processor is considerably determined by the integrated circuit (IC) used. The
smallerthe size of the individual elements. the fasterthe device and the more operations it
can perform.
The device structure is produced by a series of lithographic steps used to pattern each
layer precisely. The patterns are formed by using thin radiation-sensitive polymer films, so
called resists. Today, devices with several million transistor elements are commercially
available and consist of approximately 0.5 pm minimum features. The increasing demand
for a smaller feature size in integrated circuit devices has pushed the fabrication
technology to dimensions and tolerances far into the nanometer-scale region.
New strategies in pattern definition technology and new resists have been developed in
order to satisfy the requirements of future integrated circuits.
One of these new strategies is a bilayer resist system in which the image is defined in the
top layer and the pattern is transferred anisotropically to the actual mask layer underneath
(Figure 1).
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Figure I Schematic representation of lithographic processes in a bilayer resist system.
After irradiation, postbake and development, anisotropic pattern transfer from imaging to
mask layer is achieved by plasma processing with a low pressure oxygen plasma process as
the ultimate and decisive step. The solubility of the exposed regions after postbake is
Summarv
changed in such a way that with a suitable solvent negative tone patterns (the unexposed
regions are removed) or positive tone patterns (the exposed regions are removed) can be
created. During etch processes the silicon containing top layer is converted to
silicondioxide that acts as a mask while the organic resist layer is used to suppress
irradiation scattering and to protect possible existing patterns.
In this Thesis, the attention is focused on the synthesis, characterization and application of
silicon containing polymers suitable as top layer resist in bilayer resist systems. Application
of these polymers is based on 'chemical amplification' and a high silicon content.
Chemical amplification enables the creation of images with a low dose of irradiation as a
result of acid catalyzed reactions. Additives like photo acid generators produce, after
exposur€ and subsequent postbaking, an acid that initializes the reactions desired. The high
silicon content is necessary to withstand an oxygen plasma used to transfer the images into
the organic resist layer.
The polymers synthesized can be divided into three classes: a) linear polysiloxanes, b) graft
copolymers with silicon containing branches and c) ladder polymers. These polymers
contain acid-sensitive groups like t-butylethers, t-butylesters, pyranyl groups or epoxy
moieties.
The first part ofthis Thesis (Chapter 1-5) describes the synthesis and characterization of
the silicon containing polymers while the second part (Chapter 6) deals with the
lithographic properties of these polymers.
Chapter 2 deals with the synthesis and characterization of silicon containing polymers in
which the resist working is based on deprotection reactions (Figure 2). After exposure and
postbake it is possible to create both positive and negative tone images depending on the
developer used. Silicon is incorporated via the side-chains using the 'macromer technique',
Anionic polymerization of cyclic siloxanes followed by termination with [3-
(methacryloxy)propyl]dimethylchlorosilane results in a macromer with a methacrylate end-
group. Radical polymerization of the macromer with p-t-butoxycarbonyloxystyrene or t-
butylmethacrylate results in the silicon containing graft copolymers.
The incorporation of silicon is determined by the length of the macromer and the amount
of macromer in the graft copolymers
TEM experiments show in all graft copolymers micro phase separation in the shape of
circular inorganic domains in an organic matrix. The phase separation decreases when
using smaller macromers. Due to the phase separation these graft copolymers exhibit two
Tg values. a low Tg around -120 0C of the flexible sil icon containing branches and an
upper Tg around I l5 0C caused by the organic part of the graft copolymers. Decreasing
phase separation (small macromers) shows a decrease of the upper Tg, while in the case of
high molecular weight macromers the upper Tg of the graft copolymers increases as a
result ofan enhanced phase separation.
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Figure 2 Principles of resist working of the polymers synthesized.
Chapter 3 describes the synthesis of linear polysiloxanes with acid-sensitive groups like p-
t-butoxycarbonyloxystyrene and t-butylmethacrylate. These polysiloxanes are synthesized
by means of hydrosilylation reactions in presence of a platinum catalyst. The electronic
environment ofthe double bond and the bulkiness ofthe substituents on the double bond
play an important role in the hydrosilylation reaction. Electron withdrawing substituents in
the vicinity of the double bond retard the hydrosilylation. Methyl substituents on the
double bond (as in the case of methacrylates) lead as a result of steric hindrance only to B-
addition. Styrene derivatives show B- as well as a-addition in the same amounts. 2esi and
tH N}'m. are important techniques in this Chapter to determine the amount of cr- and B-
addition.
The incorporation of bulky substituents raises the Tg by approximately 170 0C compared
to poly(methylhydrosiloxanes) (Tg - -l4o oC; which makes these polymers suitable as top
layer resist in microlithography. The resist working of these linear polysiloxanes is also
based on deprotection reactions (Figure 2)
The 'macromer technique' is also used in Chapter 4 but in this Chapter the macromers are
polymerized with glycidylmethacrylate (GMA) The epoxy containing graft copolymers
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Summary
The 'macromer technique' is also used in Chapter 4 but in this Chapter the macromers are
polymerized with glycidylmethacrylate (GMA). The epoxy containing graft copolymers
can be used as negative resists in microlithography. Cationic polymerization of epoxy
moieties results in cross-linking of the regions exposed and in negative tone irnages after
removal of the unexposed areas. The copolymer reactivity ratios of a low molecular
weight macromer and GMA are determined by using the Kelen-TridSs method and
appeared to be 0.71 and 0.84 respectively. These ratios point to randomly organized graft
copolymers. In addition to the graft copolymers, graft terpolymers consisting of a
macromer, GMA and a halogen containing nlonomer, are synthesized. As halogen
containing monomers chlorostyrene, bromostyrene or a chlorocyclophosphazene were
used.
Chapter 5 emphasizes the synthesis and characterization of ladder polysiloxanes with
pyranyl end-groups. The resist working of these polymers is based on acid catalyzed
polycondensation reactions. Polycondensation of protected and unprotected alcohols
results in less soluble exposed regions and hence the possibil i ty to create negative tone
images.
Chapter 6 describes the lithographic properties of the polymers in Deep UV as well as in
e-beam microlithography.
The resist systems based on deprotection reactions show positive as well as negative tone
patterns. However, the relatively low Tg of the linear polysiloxanes (Tg - 37 0C; results in
pattern deformation at postbake temperatures around 90 0C. This pattern deformation
accompanied by acid diffusion limits the resolution to approximately 0.5 pm. The
synthesized graft copolymers consisting ofp-t-butoxycarbonyloxystyrene and a macromer
show high resolution in the order of 0.25 pm with a high sensitivity (15 pC/cm2 at 50
keV). The high resolution can only be obtained when using low molecular weight
macromers. In case of high molecular weight macromers the enhanced micro phase
separation results in a decrease ofthe oxygen etch resistance and subsequently to patterns
with a bad quality.
With the polymers discussed in Chapter 2 and 3, positive tone patterns could only be
obtained when using Deep UV lithography. Although positive tone images could be
created when using e-beam radiation most of these patterns suffer from residues. E-beam
irradiation leads to cross-linking of the exposed regions caused by electron induced side
reactions. These electron induced reactions are avoided when using Deep UV exposure
technioues.
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In addition the photo acid generator has a rrrajor influence in getting positive tone patterns.
After e-beam exposure the acid generator produces next to the expected acid insoluble
products which prevent the formation of positive tone images.
The epoxy containing graft copolymers without halogens exhibit a resolution of about I
pm. Line broadening as a result of the highly reactive epoxy polymerization reaction
prevents sub-micron resolution. Incorporation of halogens decreases the catalytic chain
effrciency of the acid resulting in a resolution of about 0.5 pm.
The above mentioned polymers possess a moderate etch resistance towards oxygen
plasmas while the polysilsesquioxanes show an excellent oxygen etch resistance. This can
be ascribed to the high silicon content and the networklike structure. Preliminary
lithographic experiments how the ladder polysiloxanes to be suitable as Deep UV resists.
Summarizing, polymers containing t-BOC or epoxy moieties and a high amount of silicon
are suitable as highly sensitive resists in Deep UV and e-beam lithography. A major
disadvantage of these systems based on chemical amplification is the acid diffi.rsion which
limits the resolution of the resists in most cases.
